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y^Z-WitW (R) ^MbT^JB^AOx +R— ROy +AOx-y K^t^^^xm 
«AOx tmjtit (R) ^m^b^TC-KSt^i AOx-y (0<y^x) OStc 

i^^M^-^'i., ^) L< firy- F^rm-fbft: (R' Ox) =^itt-cSjSS:A + R 
' Ox-*R' Ox-y +AOy ^c^)i:o'v^r'^k'a•^^A^:m'^b# (r' Ox ) (r>m.it 

2 ] :^ V- Y\z^ ^Jl^> L < {iM@J'fbJfe;6»ib^SS7n'ft: (R) 
i&tT. (1) iJ-fbtfAOx (x{±Aom'ffci!C(^>l/'2) *:^Sie^t;*AL. 
aS^AOx +R--ROy +AOx_y l^«)to*v^Tm'fbt>AOx i:®7n# (R) 
<Dmitm.7tm.lB\Ziy) KO^.y (0<y^x) <7)M7ni^=£:^^:?-^*, (2) 
HamtT. SfS^y 2 e- +ROy ^R+yO 2- (:;?7y_j^)^ yo2— y 

1/2 02 t+y2e- (T7- K) om^'fb^RfDT% m-fb $ tt^c jl7C# (R 

oy ) ^MitLxmjtw (R). ifc=^#mi:-r^s mimi%m.<D 

3 ] m^mh Ox M7C# ( R ) om-fbSTcKJSt; i «5 A Ox-y 

(o<y^x) (o^MTtm-^^^'^^fz^. x\,t§E.^^^^j:ifihnmz. matcii 
mt-c. mjt^ (R) ii^:®2iBmoras:&?So 

I»*«4l M7G# (R) ^^^'fbi^M7C#-e^ ») . Rf&^NOx + 
R^ROx +X/2N2 tlC^t^'V^T. S^m'fb!^^7G#:fca*m'fb%N Ox 

[ft*a 5 1 ^'fbitTC^Dt'tf^i^ N i . C u ^ F e ^^(:>m\tft^ 1 ®M± 

u. pt. Ag. Pd, mmitm. cuwatm. f emtmunmtm^^hm. 
iTO±om^##)6>^^'5.miit. m'fb5^^^3-'i'A/5ie>^smm-f 
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imi^m 71 N i mitm. c u m^fbti, f e m-ftt?. m n mitm^ 

1 0 nm~ 1 //m-9-^X<^M^m'fbtJM7C'fr^BfiS;-r'?>> ft*:g 4 fB«OSJ^:>::^ 

(1) it^!^A^mKmm:^mXU KJS^A + R* Ox-*R' Ox_y +AOy 
H^>fco'v»T^ 'ffc^tfAi:m'ffc#^ (R' Ox) om'fbS7cH:!£t^ J: >) AOy (DM 
im^m^"^^. (2) ««il-iimLr. S:S^y02-+R' Ox-y-R' Ox 
+ y2e- (ry-K) ^ y 2 e - +O2 -*y 2 02- V- K) . (TJm^'ffc^ 

m^x. MTt^fifm^mR' Ox-y t:mi\:Lxmm (r* Ox ) iwm.-t^ 

[it*:^9] it^f^Atmim (R' Ox) <0^-fb«7cRJSt- J: 0 AOy 

(R' Ox ) iw^t^. m^msumoKi^^yjmo 
[0 0 0 u 

Tic, ^«m'fb%^*Mxi-s<b^RjS:^&, Km-t^%(Dx$)^o ^^ma 
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m) o 

1 0 0. 0 3 1 

yy'vyvKJ^^x^^y^^j&ir^m^ (3 cUi +1/^202 -* C2 H4 

+H2 o) i,zii^ CB4 ymmxmmmMmyo2 <^i^dK. CH4 toz 
mmMMmx^ML. ch^ m<r>mMmmKmw^j:m.mim^^x. cL<Dnm±iz 

m^^xmcKBimmt^m'^izit, CH4 /m%/:^mm.^m./02 <r>xo^z 
. -^ii ») c H4 1 02 'Dmz.im^mm^m. <i)\ ^ ^ youimm'&.^^'r^ 

^Tf)m±^P'X\^^^j:^^o 
[0 0 0 41 

^m^^<^^x'i>Bi.J:&'^mmtLxmm^^x\^^^i>(D^i. pa^. pd-Au 

o TmMmmommtjtLxitmmmxommm am^&m) m\m^fix\r^ 
:£>o -ity-mmim cmm'^m <D^^j:i><DtLxii. :iim^^yimi^tmm 
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mx.\t^ p t . p d * mvcmM%\z^^^x\,±^ l a c o 03 

L a F e O3 L aMn O3 L a C r O3 %i'j:if(Om=HSmMtm 

vy^(DWi^r'^^vy(Dmm'^imm^'^^^^^o 02 H4 > C2 H2 /Cu 

P^lcm^«:EnjPl-'5i:T-fef^^>;65^«^fit)tw7X*'fk (^Tc) LT^ j^^1/>4'<^ 
/p*fi!^-Cab* T -b-?^ V - 1/ V t ^: o Tg^^-e § * o CI <^ i ■) 

[0 0 0 6] 

®m* =^ 1^*1- 1 1^ B# \zm.mmim ^mmtmrn ^ v ;^ -r a ;{)-T?a^ $ 
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[0 0 0 71 

itmmM No. 4 1 \-^:m^mm<oww^\ Bm^c^^m (1999) p. 

13 1 

J. Electrochemical Soc. ^ 122> 869 (1975 
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J. Cham, Soc. Faraday Trans. ^ 91. 1995 (1 
9 9 5) 
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rail$tLfc^>otrafeoT. m-fkM^naS^^ffiv^-c. ^7C^J^mk^J<O'0fc$&^^ 
[0 0 0 9] 

R) =lrifeLTR]S^AOx +R^ROy +AOx_y ^> t o'v^rm'fkt/A Oj t 
itx-f*: (R) <r>myMjtWJ^A^i. <3 AOx-y ( 0 < y ^ x) <0S7Gt/Sr^fiS;$^ 

^)L<t±Ty-K^cm^k#: (R* Ox ) «:JfeLTRf&^A + R' Oj — R' 
Ox-y +AOy lc^>i:o*v^T<b'^!feAi:®?'fk# (R' Ox ) <r>mcWjtW^AZ^ 

fjAOy com^fb^fe^^-^^^ ^}i^im.}i-f^K^-ys^^ 

(2) ^Ji*>L<fiMm'fb!^55-e>^^^X#: (R) =£:ML-C. (a 
) m'fbitJAOx (xf±AcDm'fb^(7)i/2) ^MRIS^ICSAL. Kl&^AOx 
+ R-*ROy +AOx-y to'v^rm-fb^^AOx i:jt7C# (R) om^fb^TcE 
St'J:^)AOx-y (0<y^x) (omjm'k^'^'&^h. (b) s^icsmLr. 
aS^y 2 e- +ROy -*R + y O 2- (;^; v- K) , y o2— y 1/2 O2 t 
+ y 2 e- (ry-K) om^'fb^KiS-e> m'fb^tufcilTG^ (ROy ) ^tMtc 
LT^7C# (R) SrS^f-S. C:iiSr#mt-rS. liTlB (1) Wm.<OKl^1fj^^ 

(3) m-fbl^AOx tjSTC^ (R) <nmc^lW&\ZX,y) KO^.y (0<y^x 

#: (R) ^B^l-^. miB (2) f3«<^S:£:^So 

(4) (R) if. m.wmmwjm-^h'o . >r£>5^nox +r-rox + 
X/2N2 \ \z%,h<s\^x. mmm\MMjt^hm.%mw}^OT^ <Dm\Mjm. 

jStCj;i5N2 Oil7C»5:^^L-rNOx ^1^*1" WIS (3) f2m<0S^D:^& 

o 

(5) m<bM7CS:f&#;i^ N i > C u. F e;J^<b^{fttS imm±<^7C^«: 5 0 

%m±#tf^Ji^<5v^{±Mm'fb!^:i^e»^s:vS^mm«S7c#^fc. au. pt. a 
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®#m^si?«:-g-tf^ mm (4) tm<Dm:^^^o 

(6) ^^m'fktfSx#<^-9-^X5J'*l 0 nm~l jumX-^^:: t^imLt-f^. 

mm (4) xti (5) ia^<7)R^&:^i*o 

(7) Nim«N cum'^l:!fe^ Fem^kt/^ Mnm'fbtJ>6-ib^{^tL^iajii± 

V- Km»S*»iLtT^<bt)^>mi^fS##0-S5:m7nLT 1 0 nm~ 1 

(8) ry-vK, mm-i^^^mti^ (r' Ox) ^rifetx. (a) ^t^m 

A^mKB^zmXL. mB^A + R' Ox^R' Ox_y +AOy Hibto'v^-C 

. 'fb'^trAfc^'ft:^*: (R' Ox ) om'fbM7cS:i&tcjU3 AOy (^m'fbJ^^^^-a: 

(b) m^l'iimt-C, RlS^y02-+R' Ox-y ^R' Ox +y 2 e- ( 

7y- K) , y 2 e- +O2 2 02- (-^y- K) . <75m^'fb^Efc<-e. 

^fifzm.'itmR' Ox-y ^^m^fbLxm^fb^ (r' Ox ) ^tn^-t^. ^t^sm. 
t-t^. mis (1) mm.<7)K!Bismo 

(9) 'fb'a-f|^Ai:m'fb# (R' Ox ) (om^imTtKmit-x y) AOy om^fbtJ^* 
^n^-r^. itfia (8) i5^<^s:s:^rfeo 

(10) ^t^mAHfK Ritii^m. Xti^M^'fb^^-e*;?). HalB (8) Xi± ( 
9) fB«6Ds:jS:^*feo 

10 0 1 0] 

m'Cimm^-^m-r^r+^^j:m&xm'\t^iiti^7ti^ (r) *>^v»{iM7c$tL 

^m'fb'ft: (ROx) «:m^'fb^6<Jlwjt7n*;&v^{±m^b-t-*c:i:^*T'§^v^U * 
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m^tyimi^<omi^mmntLxii. m^it^ z r 02 m> c e 02 m^ b i 

2 O3 L a G a O3 mit{tmTl)m^^fL^o Z r O2 Y^S 
c«-e^5c'fb-r*-i:'i>"Ci^o t^c, Ce02 ^S^'ft^^'^f*- Gd^Sm^T 

O2 ^m^im^^W-t Lv>o 
10 0 1 1] 

^mximmmumtux+^^^mxwtit^fitzmTti^ (r) ^-sv^^^tc^ 

tt^cm-fb'J*^ (ROx) ^«^<b^fi<jtc^7c*sv^igj'fbi-*c:i:*5-e^5^v>t. 

u. Pt. Ag. Pd. Ni^-fb!^. Cum'fbt>^ Femm. Mn^«> * 
[0 0 121 

3p:%H^-effiv>;S>jt7C# (R) tii. ±m^^^^iiMmW-^^h!&^. KfBS^ 
trabS^'fbt/AOx (x (iAO^'fb^O 1 / 2 ) ^m%-f^W3<Dh^ii<r)X^ 
mi^<. m^U^^n.^£^^iiK SSit::fi> -Pflx-ff^ Mg^C a^OT;v;i? V± 
li^Jg. Ti. Cr.Mo>W. Mn, Fe^ Co^Ni^ Cu>Ag. Zn^ 
OJ^#^m> AK Ga^ I n> S n^O^Jg. a^-SV^{±T i (III) . V (IV 
. Ill > II) . C r (III . II) , Mo (IV, III > II) . W (V, IV. Ill . 
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II) . Mn (III). Fe (II) > Cu (I) ^(DMm^tmmTTi^fi^o Wi^. 
[0 0 13] 

X-h^. CttioSrM'fbmTcKJS^'eAOx-y (0<y^x) <DM7t'^\zmjt-f 

mir^^tX\ ^^izMitLfzA (y = x) tX^ ^:h\^^it't<DM^<om»M7t 
AOx_y (0<y<x) txM7ti-^:iti>^x^:ho 
[0 0 14] 

:^^mx-m^^^mim (rox) ta, m^itm^h^y). KBEti^xh:hit^ 

T i. Cr> Mo^ Mn. Fe> Co. Ni. Cu. Ag. Zn. 
Pd. Pt. Rh. Au. I r ^OM^^B^'ft^. A 1 . G a. In. S n^ 

'fb^!^om<kKS<^BKJt^t±. Ni. Cu. Ag. P tit>^(bMitfi^ im&.±<D 

Ttmi: 5 0 %i>x±^trm.^tmmt tv^o 

[0 0 151 

^'fkL/iAOy (y = x) ^T'. h^\^\t^(r>^^<i>U^mcKO-^.y (0<y 
<x) ■txmcfh^hii^X^^^ 
[0 0 16] 
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^tKJ&m^tLxmmt^^^ii. m.mymm^ ^>i&m^xmmymim (r 
Ox ) (Dx^Kmnt^o tfz. ^7c# (R) twM. mmtmim (rox ) 

'fbtJ^^^Tj-iJ-^Xid^l 0 nm~ 1 /^mO|EH;6*Sf* tv^o 1 0 m nTtcit-etifS 

19, <Mx1-'5> it 75^11 Lv^o M7C# (R) ^-^tfii. '^^v^tim 

'fk# (ROj) ^^ixmii. mtMTtmB^nmi <mib^fMzmil^^1ri> 

[0 0 17] 

^§tm'c^^^:6MmmimM7tmt. Nimtm. cu^'fb%> Fem>fbtf. 

t-^^x^^o :^§^mxm^^^m.itM7uKj^>^xit. m'fktJAOx ^m^^^^^tz 
i(>i<zmjti^R:^mitLfzROy ^7t<Dm7€i^R\z^^t^fztbK. mm^^MmL 

-C«Mb^K»lcROy iRI,zM7Clr^^t7!)^X^. $>:b\^^tit^mAimit^t 
:hfztbizm'\mR' Ox if^MjnLtzR' Ox-y ^-xOSI-fb^R' Ox Kn^-f^ 

t:tf)iiz, mMi^mn,Lxm%it^^izR' Ox-y ^r' Ox izm^it-r^^tnt^x 
nmm<^mmiiZx^m7ui^R^^\'^im^mR' Ox'^<^s^^*^ m-fk^ 

lO 0 1 81 

x^:hm^mMW<Dmmm^+^nhti^ 3 o o i o o o v-^mt lv^;^^ 

Xit. nrnti^MTci^ (R) abSv^ti^'fb'ft: (ROx ) fi. m^b«7cSS#-ejfT 
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[0 0 19] 

^ifeM 1 

i/;l/n-T^fflv\ E@2 0 mm. ff^O. 5 mra<DnWlkt X^tz 

6 0 i: L^c«'^#:fc tTto M7G#^^^i^ ^^ S^. m^fb^ b V ^^^X'i^mcX. 
fcv;i'n-TS:#:^Jt'e3 0 : 3 0 : 4 0 i: L/c1t'&#:=£-HJI5m^^OJiS15® 

S^iiM'fb-f y hU'i'A-e$^<bLfv:y;v=f-7^#«Jt-T?6 0 : 4 o 

[0 0 2 0] 

.lOJ:^ M^tTtm-fbilTcR^tJ^-e. 1 0%CO2 *^T-eH2 0<^m7n(i 
J:^H2 ^m^^r-ofzo 4 0 0 ~ 8 0 0 t:c92lJS^#-C\ mS^t^ami"^ i i: 
icil?, C02^^rizi>i)^T!>>t>^ir. H2 0«:M«^WtcS7CLTH2 *9 0% 

Mm^±i(>x. muz osr^i^fi<jtci§7DLTH2 i 5 0 - s 0 %<Dtm:mxm7^ 
am=^jt*6T. ±isti5i«tis:E«^tfo7ti:ci;5>. 5 o - s o %<;Dteife^-c 

[0 0 2 11 

i?;i/3-T=S:fflv\ ^(D^kii. li:S2 0 mm, 0 . 5 mm<DPi^^t Lfz 
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^±tmt^y h V'>A-C^S'fbLfc>^;i'3-TS:#:mJt-C6 0 
: i 0 tLxm.^Wt\^xy^W:Lfzo 5 0 OTCtiLTSMl'Mm-r^-^fctCJ: 

y) . mM'mtmM.7twm<Dm.'\\:~ v i o o n m^^^ x<D^m- y 

10 0 2 2] 

i<D i ^ nfpmL^m'fb^7ca£;^t?> 5 %02 *^T-cg#@^'fkt?-c*;s>N 

O 1 0 0 0 p p mOM7C^*=l-ff o fco 4 0 0-7 0 0 X:<DUBi^¥^X. mM.m 

N05r5o-8o% <r>m^^xmmf3 L. m^^-b^ bo%\>xr\ztj:^tzn 

Bi^-otztZ-^b. 5 0-8 0%0^m^trNO«rSJKil7C-t^^fc:^>*'C§7t:o 
[0 0 2 3] 

5;;i/rr^T=S-fflv\ -?-<^?^2l^{i. ii:@2 0 mm, l?$0. 5 mmOR^t^a: 

Sr#:^it:T-5 0 : 5 0 Lfc^-^fri: L^::o ^%mcmmjx/m\t^ Mit^y^ 
)Vtmit^ y h U '^J^X^^itLrz'J)V:n=.r^^itX4 0 I 6 0 Lf^^'^ 

MMM\zm~mmt^j:^XdK. La-S r-Ca-Fe-0-e#^L7to 5 0 

ox^iiZLxm.mr^izmmir^hztiziii). mmmmM7twm(7)mt-y^}v^ 

10 0 2 41 

c<Dio Kim L fzmitMTcKB^x^ 1 0 % 02 ^^TxMmmm-^^ ^ 
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NO 1 0 0 0 p p mOil7n^*=S:^f o^^Co 4 0 0-7 0 0 *C<^)zajS^#-e. mU 
Kt'MI-^CltJCJ: i). 02 #«TtC^>:d>/&-^?t>T> 6 5%O^^^-eN0€r 

|W|N0*5 0-8 0%om^^-^M1SimzM%V. tem^^^S 0%JiI.Tt'^ro;t 

E/S^^T^ 7^:i:C:;5). 50-80 %(On^mXN O «:#;Kil7D-|-'i> 2:;{i-'T-§ Tt 

o 

[0 0 2 5) 

v;;i/n-T«rffiv\ -eo^^Ji, li:#2 0mm. J1$0. 5 mm<^R«^^ci: Lfc 

t/cv;vn::^T^MJt-e3 0 : 3 0 : 4 0 1 Ltzm'ki$-^mmmmm<D±um 

<t9i;> l^^tm^t^y VV^AXic^itLfzi^)\y^^Tii$mitX6 0:40 
[0 0 2 6] 

c: O J: 9 t^f^ii t T^rS&'fbiiTC^lS^TN 5 % C O *^TT- C H4 ^gg^g-m^fb 

i^BCHs oH-g-^^fi^ofvio 4 0 0-6 0 0 "cozaK^#-e> msr^t-M^-t 

^itiCilJ, C0:i?^TJc:'J>5&^;&^*?P,-f. CH4 ^^^^fi^H^m-fbtTCHs O 

w^^m9 5%xM^x^fzo ttz. mm^'MmLxmti^'^w&Lfz^k. m 
m^±i6x. [HICH4 im^i^i'^m.'itLxcKs ou^e o-s o%<D^m^x 
MiiL. isi^^Ti^e o%i^j.rK^j:ofzm^^mmmizmmLxmi\:^^w^Lfzo 
w^k. mmi:±i(>x. ^mt^mzBUBi^ff^tzt^^. 6o-8o%<^^m 

mxCHz OH^WBtUMt^^t-A^X^fZo 

[0 0 2 71 
^M|3J5 
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^>f;V=r-T=SrfflV^ ^(Dmkii. 11:^2 0mm. J¥$0. 5mm<DFimkt Lfz 

Lfzi^)i^^=-r^imitX'4: 0 : 3 0 : 3 0 1 Ltzm'^i^immMm<D±um 
mJt-ee 0 : 4 0 i: ^^^t t-c^^mt/to 

[0 0 2 81 

i <D J: ^ \zvmLfzmtwjitm:^^^x. i o % c o^-^yxdT^ * ^ -> ^ 

it^^:^^ fzo 4 0 0-6 0 0 ^(D^m^i'^X. "^m^i^Mmt^ :Lt{ZX^ 

^->>Sr 4 0 - 7 0 %<^^m^-e^K6«Jlcm'fb^L. ^mW4 0 %mT(C)^ 

>liilKtD^#o 7ti:i^. 40-70 %<D^m^-r'^-f :t * V > "kn^mit^M 
ir^^t:^^X^tZo 
10 0 2 9] 

mm^^x^M^^^-r^mi^mmntLx. smx^^itLfzc e 02 

'fbl^S-fflv^ ^(Dfma. Ii:S2 0mm. ff^^O. 5 mmOR^^^tt L:''Co 

0 : 5 0 tvtz^^^t]^tzo mm^i. m^ftm. mt^y^T^T-y. Sm-e^ 

a'fkLf^C e O2 ^mim^^itX2 0:20:30:30i: L/c^-a-ff^rttr 
\zm—M^ti'j:hi.^\z^ 'yy^y-^y-n-fA h i: Sm-e^3e<kL/::C e O2 M 

m\m-k*im^x6 0 : 4 0 1 u ^-^^t L-c#mL;^:o 

[0 0 3 01 

i <^ i ^ Icf^M L;tm<b^aSlf-r-, 5 % C H4 *#TT' C H3 C H2 OH 
0|fB^®E'fblCi:;6CH3 COOHO-^^-Sr^fTo^o 4 0 0 ~ 6 0 0 'C<7)i§Ljg^# 
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o H ^miRm^U^mt Lr c H3 coo niim^^ 1 0 %T'm5g-e § tz. i fz 
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